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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an epoxy resin composition which is useful for adhesives, paints and elec- 
tric/electronic materials(e.g. insulation materials, laminated plate, etc.), particularly useful for encapsulating electric 
devices. 

Description of the Related Art 

[0002] Recently, for encapsulating semiconductors such as LSI, IC, transistor and the like, transfer mold of an eco- 
nomically useful epoxy resin composition is conducted. 

[0003] Particularly, surface mounting of LSI is recently conducted, and direct immersion into a solder bath is increas- 
ing. Since an encapsulating material is exposed to a high temperature of above 200 °C in this treatment, moisture 
absorbed in the encapsulating material expands, crack is formed in the material, and peeling occurs at interface with a 
die pat. 

[0004] Therefore, the epoxy resin encapsulant is required to have properties of low moisture absorption, high crack 
resistance and improved adhesion. Further, for a purpose of obtaining a low moisture absorption property, an epoxy 
resin of low viscosity in which a filler can be filled in high concentration is desired. Currently, an encapsulating material 
in which glycidyl ether of o-cresol novoiak is used as a polyfunction^epoxy resin and phenol novolak is used as a cur- 
ing agent is mainly used, however, when the encapsulating material absorbs moisture in storage, the above-described 
problems occur. Therefore, for avoiding these problems, the encapsulating material is wrapped for preventing moisture 
absorption in practical use. /'!'.*'.* 

[0005] On the other hand, a biphenyl type epoxy resin in current use has a lower viscosity and can contain a filler in 
higher concentration than a polyfunctional epoxy resin, sfnc6 the biphenyf epoxy resin is a Afunctional epoxy resin and 
has a low molecular weight Therefore/moisture absorption depending on the biphenyl type epoxy resin can be reduced 
as whole package arid strength thereof can be increase^, consequently, dxdelient crack resistance can be obtained as 
compared with an epoxy resin in the form of a glycidyl ether of o-cresol novdlsk. However, the biphenyl type epoxy resin 
has problem that molding property of a cured article thereof is low as compared with the polyfunctional epoxy resin. 
[0006] Furthermore, the softening point of an amorphous epoxy resin having a low melt viscosity is generally low, and 
there have been problems of blocking at the time of storage to deteriorate the workability. Therefore, the amorphous 
resin is stored generally with cooling in a refrigerator, and the productive efficiency is bad and not economical. 
[0007] There has been a proposal of using a bisphenol Compound of a-rhethylstilbene as an encapsulating material 
(for example, JP-A-6-345849). However, the epoxy compound disclosed there is not sufficient in moldability etc. 
[0008] An object of the present invention is to provide an epoxy resin composition which has an excellent moldability 
(low viscosity and can be filled with filler with high density) and high softening point, and hardly causes blocking during 
storage. 

SUMMARY OF THE INVENTION 

[0009J The present invention is as follows. 

[1] An epoxy resin composition comprising (A) a Afunctional crystalline epoxy compound, (B) an amorphous tri- 
sphenolmethane type epoxy compound having three or more of epoxy groups in a molecule, and (C) an epoxy cur- 
ing agent having phenolic hydroxy! groups. 

[2] An epoxy resin composition comprising (A) a Afunctional crystalline epoxy compound, and (B) an amorphous 
trisphenolmethane type epoxy compound having three or more of epoxy groups in a molecule, wherein the whole 
or a part of epoxy compound (A) is dispersed in epoxy compound (B) as crystallites. 

[001 0] The epoxy compound (A) used for the present invention is a Afunctional crystalline epoxy compound, and suit- 
ably a compound represented by the general formula (1). 
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CH — CH 2 

\/ 
O 



(1) 



Here, X represents -N=N- f -CH=C(R 9 )-, -0-CO-, -CH=C(CN)-, - C-C-, -CH=CH-CO- or a single bond. R 1 to R 9 repre- 
sent each independently an acyclic or cyclic alkyi group having 1 -6 carbon atoms, a hydrogen atom or a halogen atom. 
More suitably, X is -CH=C(R 9 )-. 

[0011] Concrete examples of substrtuents R r R 9 of the epoxy compound represented by the general formula (1) 
include methyl group, ethyl group, propyl group, butyl group, amyl group, hexyl group, cyclohexyl group, phenyl group, 
tolyl group, xylyl group (each isomer is included), chlorine atom, bromine atom, etc. 

[0012] In the general formula (1), glycidyl ether of stilbene bisphenol whose X is -CH=C(R 9 )- can be obtained by a 
known method of glycidyl ether'rfication of a stilbene bisphenol. 

[001 3] As for a producing method of stilbene bisphenol compound used as a raw material for epoxy compound, a ref- 
erence (von Rolf H.Sieber, Liebigs Ann. Chem. 730, 31-46 (1969)) discloses a preparation method and physical prop- 
erties of the compound, such as 4,4 , -dihydroxystilbene. ^^'ndihydroxy-S.^-dimethylstilbene and 4,4'-dihydroxy- 
3,3\5,5'-tetramethylstilbene. 

[0014] On the other hand, bisphenol compound of a-methylstilbene is also known, and for example, METHODEN 
DER ORGANISCHEN CHEMIE (HOUBEN-WEYL) BAND IV/1c Phenoi Teil2 P1034 describes a preparation method of 
4,4'-dihydroxy-a-methylstilbene from phenol and chloroacetone as starling materials. 

[0015] Concrete examples of stilbene phenol used as a raw material include: 4,4'Klihydroxy-3-methylstilbene, 4,4- 
dihydroxy-3-ethylstilbene, 4,4'-dihydroxy-3-propylstilbene. ^^Kjihydroxy^-amylstilbene, 4 t 4'<lihydroxy-3-hexylstil- 
bene, 4.4'<Jihydroxy-2. 3-dimethylstilbene, f^'-dihydroxy^^-dimethylstilbene. ^^'-dihydroxy^.S'-dimethylstilbene. 
4,4 , -dihydroxy-3,3 , ,5-trimethylstilbene. 4,4 , -dihydroxy-2\3,5-trimethylstilbene I 4,4 , -dihydroxy-2 , ,3,3 , ,5-tetramethylstil- 
bene. 4,4 T -dihydroxy-2 , ,3,5,6'-tetramethylstilbene, S-t-butyl^^'-dihydrpxy-S'-methylstilbene, 3-t-butyl-4,4 , <Jihydroxy- 
5,3'-dimethylstilbene, S-t-butyl^^'-dihydroxy-S^-dimethylstilbene, 3-t:buty W^'-dihydroxy-S-ethyl-S-metiiylstilbene, 
3-t-butyl-4 p 4'<lihydroxy-3'-m^ 3-t4xityl-4,4'-dihy- 
droxy-S-amyl-S'-methylstilbene, S-t-butyl^^'-dihydroxy-S-hexyl-S'-methylstilbene, 3-t-butyl-4 ( 4-dihydroxy-5- 
cyclohexyl-3'-methylstilbene f 3-t-butyl-4,4'<Jihydroxy-3\5,5 , -trimethyistilbene, S-t-butyl^^'-dihydroxy-S'.S'.e-trimethyl- 
stilbene, 3-t-butyl-4,4 , -dihydroxy-3 , ,5 , ,6-trimethylstilbene, 3-t^yl-4,4 , -dihydroxy-3 t ,5,-dimethyl-5-propylstilbene, 3-t- 
butyl^^'-dihydroxy-S'^.-dimethyl-S'-propylstilbene, 4 > 4'-dihydroxy-3,3 , -dimethylstilbene l S.^-diethyM^-dihydroxystil- 
bene, 4,4 , -dihydroxy-3,3 , -clipropylstilbene l S.S'-diamyl^^'-dihydroxystilbene, 3 t 3 , -dihexyl-4,4 , -dihydroxystilbene t 3,3'- 
dicydo hexyK4'-dihydroxystilbene, 2,2'-dihydroxy-3,3 , ,5,5'-tetramethylstilbene ( 4 i 4 t -dih^lroxy-3,3 , l 5 l 5'-tetramethylstil- 
bene, 4,4 , -dihydroxy-3,3 , -di-t-butylstilbene, 4,4 , <lirTydroxy-3,3 , -di-t-butyl-5 1 5 , -dimethylstilbene, 4 i 4 , -dihydroxy-3,3'-di-t- 
butyl-6,6'-dimethylstilbene, 2,2 , -dihydroxy-3,3 , -di-t-butyl-6,6*-dimethylstilbene 1 2,4'<lihydroxy-3,3*-cli-t-butyl-6.6 , <limeth- 
ylstilbene and 4,4 , -dihydroxy-3,3 , ,5,5 , -tetra-t-butylstilbene. Isomers thereof having a substituent at a different position 
are also included. 

[001 6] Examples of a -methylstilbene include those having a methyl group on a carbon atom of carbon-carbon double 
bond of the above described stilbene compounds. 

[001 7] In view of easiness of preparation, performance and price of raw material, preferable stilbenes are: 2,2'-dihy- 
droxy-3,3\5,5Metramethylstilbene, 4,4 , -dihydroxy-3,3 , ,5,5-tetramethylstilbene, 4 ( 4-dihydroxy-3,3',5,5 , -tetramethyl- a - 
methylstilbene, 4,4'-dihydroxy-3,3 , -di-t-butyl-5,5 , -dimethylstiibene. 4 f 4'-dihydroxy-3,3 , -di-t-butyl-6,6 , -dimethylstilbene, 
2,2 , -dihydroxy-3,3 , -di-t-butyl-6,6'-dimethylstilbene, 2,4 , -dihydroxy-3 f 3 , -di-t-butyl-6,6 , -dimethylstilbene, 3-t-butyl-4,4'- 
dihydroxy-3',5,5'-trimethylstilbene, S-t-butyl^^'-dihydroxy-S'.S'.e-trimethylstilbene, and 3-t-butyK4'Kjihydroxy-3\5\6- 
trimethylstilbene. 

[0018] Such bisphenol and epihalohydrin are made to react under existence of alkali, such as sodium hydroxide for 
glycidyl etherification. In order to obtain a highly pure material especially, a reaction under an aprotic solvent is prefer- 
able as described in JP-A 60-31 51 7. 

[0019] As other examples of crystalline epoxy compound, glycidyl ether of quinones such as 2,5-di-t-butylhydroqui- 
none, glycidyl ether of dihydroxybiphenyls such as dihydroxytetramethylbiphenyl, and glycidyl ester of terephthalic acid 
are exemplified. 

[0020] Component (A) used for the present invention is a bifunctional epoxy compound, which is dispersed in poly- 
functional epoxy compound to reduce the melt viscosity without lowering the softening point. Examples thereof include 
crystalline epoxy compounds having two epoxy groups in a molecule, which has mesogen skelton or bisphenol skelton, 
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without being limited. These epoxy compounds can be used as a mixture of two or more. Moreover, as for the melting 
point, it is suitably 80-1 50 °C from viewpoint of handling property. : 
[0021 ] As an amorphous trisphenolmethane type epoxy compound having three or more epoxy groups in a molecule, 
used in the epoxy resin composition of the present invention as an indispensable component(B), known compounds 

s can be available. Examples thereof include: glycidyl ether compounds derived from phenols of trivaient or more, such 
as tris-(4-hydroxyphenyl)-methane, and 1,1 J-trishydroxyphenylethane; and glycidyl ether compounds of polyhydric 
phenols obtained by condensation reaction of phenols and aromatic carbonyl compounds. These can be used alone or 
in combination of two or more. These epoxy compound are preferably solid-like at a room temperature and have a sof- 
tening point of not more than 100 °C. 

10 [0022] In the present invention, epoxy resin composition is obtained by mixing bifunctional epoxy compound (A) of 
general formula (1) and polyfunctional epoxy compound (B). 

[0023] Since the polyfunctional epoxy compound(B) has itself a high melt viscosity, when much amount of filler is 
used, flow property of the whole resin composition will be spoiled at the time of melt-heating, moldability will become 
worse, gloss of cure-molded material surface will be lost, and sometimes unfilled portions will appear in a cured prod- 

15 uct. 

[0024] By combining bifunctional epoxy compound (A) of general formula (1) and polyfunctional epoxy compound (B), 
high amount of filler containing can be attained easily which was difficult by using a polyfunctional epoxy alone, and 
cured product having good moldability can also be obtained. 

[0025] Moreover, it is useful to disperse bifunctional epoxy compound (A) in polyfunctional epoxy compound (B) 
20 beforehand from viewpoint of handling properties. 

[0026] As long as the composition has a desirably high softening temperature, the dispersion state is not especially 
limited, but uniformly dispersed state is preferable. 

[0027] The size of domain of bifunctional epoxy compound is suitably 100 pm or less, and more suitably 50 urn or 
less. When the size of domain is larger then the above range, "dispersion unevenness occurs or mixing property of 

25 bifunctional epoxy compound and polyfunctional epoxy compound falls down to result poor moldability, sometimes. 
[0028] Especially when a crystalline epoxy compound is used as a bifunctional epoxy compound, and an amorphous 
epoxy compound is used as a polyfunctional epoxy compound.Hhe effect of the present invention is attained preferably. 
[0029] In this case, the domain of the bifunctional epoxy compound formed in the polyfunctional epoxy compound 
consists of crystallites of the bifunctional erx>xy compound. 

30 [0030] Method of manufacturing epoxy resin composition of the present invention will not be limited as long as the 
composition has a state where the whole or a part of bifunctional epoxy compound is dispersed in polyfunctional epoxy 
compound, and melt-mixing method or solvent mixing method are exemplified. The former method is preferable in view 
of a practical use, and explained in detail below! 

[0031] In order to obtain an epoxy resin composition of the present invention by melt-mixing, the component ratio of 
35 the composition and the temperature at the time of mixing are important. The amount of bifunctional epoxy compound 
is 0.1 % by weight or more, suitably 0.5 % by weight or more, more suitably 1 .0 % by weight or more in the whole of the 
composition. When the amount is less than the above range, the reducing effect of the viscosity of the whole resin is 
small and it may become difficult to make a state where the whole or a part of bifunctional epoxy compound is dispersed 
in a polyfunctional epoxy compound. 
40 [0032] Melt viscosity at 150 °C (ICI viscosity) of the resin cdmposition of the present invention is suitably 2.0 (P) or 
less, and more suitably 1 .5 (P) or less. 

[0033] Softening point of the resin composition is suitably 40 °C or more, and more suitably 50 °C or more. 
[0034] When a crystalline epoxy compound is used as a bifunctional epoxy compound, since deposition of crystal can 
be utilized, it is possible to form more stable domain compared with when an amorphous epoxy compound is used as 
45 a bifunctional epoxy compound, and the effects of improving the softening point of the composition and reducing the 
melt-viscosity are large. 

[0035] As for the mixing temperature, one method is mixing with heating at a temperature not lower than the softening 
point of the polyfunctional epoxy compound and lower than the melting point of the bifunctional epoxy compound. In this 
method, the mixing temperature is preferably lower than the melting point of the bifunctional epoxy compound by 1 0-30 

50 °C. 

[0036] When the mixing temperature is higher than the above range, the amount of bifunctional epoxy compound 
exists as a domain in the polyfunctional epoxy compound becomes low, and it is not preferable When the mixing tem- 
perature is lower than the above range, much energy is required for kneading, and it is industrially disadvantageous. 
[0037] When a crystalline epoxy compound is used as a bifunctional epoxy compound, following method utilizing ays- 
55 tal deposition can be used. 

[0038] Kneading is conducted at a temperature higher than melting point of crystalline epoxy compound to prepare 
resin composition having uniform phase structure where both amorphous epoxy compound and crystalline epoxy com- 
pound mixed, then, kneading is again conducted at a temperature around the softening point of amorphous epoxy com- 
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pound and lower than the melting point of crystalline epoxy compound, and crystallite of crystalline epoxy compound 
can be dispersed uniformly in an amorphous epoxy compound. 

[0039] Although this temperature may be higher than the softening point of amorphous epoxy compound, since a part 
of crystalline epoxy compound exists as dissolved in amorphous epoxy compound and lowers the softening point of 
amorphous epoxy compound, it is preferable to set the of crystal deposition/dispersion temperature around the soften- 
ing point with considering such a situation. 

[0040] Kneading can be conducted after cooling the composition below the melting point of the crystalline epoxy com- 
pound, as well as with cooling below melting point of the crystalline epoxy compound. A mixer, a two-roll mill, an 
extruder, etc. are used for the manufacturing methods. 

[0041 ] Although dispersion state of the domain in the resin composition of the present invention can be observed with 
eye, preferably by an electron microscope. When the domain consists of crystallite, polarizing microscope and DSC 
measurement are also useful means. 

[0042] Suitable amount of component A is 0. 1 % by weight or more and 80 % by weight or less based on total weight 
of component A and component B which are an epoxy resin components. When the amount is below this range, improv- 
ing effect of moldability is low, and when the amount is more than the range, further improvement of moldabiiity may not 
be obtained. 

[0043] The amount is more suitably 0.5 % by weight or more and 70 % by weight or less, and further suitably 1 % by 
weight or more and 60 % by weight or less. 

[0044] Melt viscosity at 1 50 °C of epoxy compound (A) is suitably lower than 1 poise, and more suitably lower than 
0.5 poise. It is besides suitable if it is less than 0.5 more poises. 

[0045] Melt viscosity at 150 °C of polyfunctional epoxy compound (B) is suitably lower than 10 poise, and more suit- 
ably lower than 5 poise. 

[0046] As an epoxy resin curing agent (C) used in the present invention, known curing agents can be used, and pol- 
yhydric phenol is suitably used from the point of moisture resistance. - 
[0047] Examples of polyhydric phenol include: 

polycondensation product of phenols such as phenol, various fend of alkyl phenols and naphthol with aldehydes such 
as formaldehyde, acetaldehyde, acrolein, glyoxal. benzaldehyde, naphthoaldehyde and hydroxy benzaldehyde, or 
ketones such as cyclohexanone and acetophenone; vinyl polymerization type polyhydric phenol such as polyvinylphe- 
nol and polyisopropenyl phenol; reaction products of phenols with diol compounds represented by formula (3) 




dialkoxy compounds represented by formula (4) 




(in the formula, R represents acyclic of carbon number 1 -6 or cyclic alkyl group, and substituted or non-substituted phe- 
nyl group), and dihalogen compounds represented by formula (5) 




(in the formula, X is halogen atom selected from fluorine, chlorine, bromine, and iodine) ;or Friedel-Crafts type reaction 
products of phenols with, alicycljc compounds such as dicyclopentadiene and limonene, or diolefins such as diisopro- 
penylbenzene. From the point of workability and hardenability, phenol novolak is preferable. These curing agents can 
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be used alone or in combination of two or more. 

[0043] Formulation ratio of the epoxy resin curing agent is suitably 0.7 to 1 .2 equivalent to epoxy group of the epoxy 
compound. When the ratio is less than 0.7 equivalents or more than 1.2 equivalents, curing does not proceed suffi- 
ciently enough sometimes. 

5 [0049] For curing the epoxy resin composition of the present invention, well-known cure accelerators can be used. 
Examples of such a cure accelerator include: organic phosphine compounds such as triphenylphosphine, tri-4-methyl- 
phenyl phosphine, tri-4-methoxyphenylphosphine, tributylphosphine, trioctylphosphine, and tri-2-cyanoethylphosphine, 
and tetraphenylborate salts thereof; tertiary amine, such as tributylamine, triethylamine, 1,8-diazabicy- 
clo(5,4,0)undecene-7, and triamyl mine; quaternary ammonium salts, such as chlorobenzyltrimethyi ammonium, 

io hydroxybenzyltrimethyl ammonium, and triethylammonium tetraphenyl borate; and imidazols, without being limited to 
these. Among them, organic phosphine compound, I.S-diazabicyciolSAO) undecene-7, and imidazole are suitable 
from the point of moisture resistance and hardenability. and triphenylphosphine is especially preferable. 
[0050] Examples of inorganic fillers (D) in the epoxy resin composition qf the present invention include: silica, alumina, 
titanium white, aluminium hydroxide, talc, clay, glass fiber, etc., and silica and alumina are suitable. These can be mixed 

75 using different forms (spherical shape or crushed type) or sizes to increase the filling amount. The amount of the inor- 
ganic filler is suitably 40 % by weight or more and 95 % by weight or less in the whole resin composition, and more suit- 
ably, 50 % by weight or more and 90 % by weight or less. When the amount is less than 40 % by weight, moisture 
resistance becomes inferior, and exceeding 95 % by weight, moldability problem is generated. 
[0051] In the epoxy resin composition of the present invention, there can be added mold lubricants such as natural 

20 wax, synthetic wax, higher fatty acid and its metal salts, or paraffin; colorants such as carbon black, or surface treatment 
agents, such as silane coupling agent, etc., according to requirements. 

[0052] Furthermore, flame retardants, such as antimony trioxide, phosphorous compound, and brominated epoxy 
compound can be added. For flame retardant effect, brominated epoxy compound is especially preferable. 
[0053] Further, for lowering stress, various elastomers may be added or previously reacted for use. Examples thereof 
.25 include addition type or reaction type elastomers and the like such as polybutadiene, butadiene-acrylonitrile copolymer, 
silicone rubber, silicone oil and the like. Y'.'VYV 

[0054] For encapsulating electronic parts such as a semiconductor and the like, and producing a resin encapsulated 
semiconductor device using the epoxy resin composition off the present invention, curing-molding may advantageously 
be effected by a conventionally known molding method such as transfer mold, compression mold, injection mold and 
30 the like. J t ' . 

EXAMPLES !; ' 

[0055] Although examples of the present invention are shown below, the present invention is not limited to these. 
35 [0056] The evaluation methods of resin and cure-molded material are as follows. 

Softening point : It was measured by ring and ball method, according to JIS K7234. 
Spiral flow: it was measured under conditions of 175 °C and 70 kg/cm 2 according to EMMI-1-66. 
Barcol hardness : It was measured under conditions of 175 °C/90 seconds with using a 935 type hardness tester 
40 according to ASTMD-648. 

Tg(glass transition temperature) : It was measured using TMA. 

Water absorption : Change in weight was measured under conditions of 85°C/60%RH using thermo-hygrostat 
(AGX-326 Advantech Toyo Corp.). 

Bending physical properties : Three point bending test was conducted. Bending test at the time of heating was con- 
45 ducted at 240 °C. 

[0057] In the examples, the epoxy equivalent is defined by molecular weight of an epoxy compound per one epoxy 
group. 

so Synthetic Example 1 

Synthesis-1 of raw material phenol 

[0058] To a 2-liter four-necked flask equipped with a thermometer, stirrer and condenser were added 1 95.5 g (1.6 mol) 
55 of 2,6-xyienol (hereinafter, abbreviated as 26 XY), 65.7 g (0.4 mol) of 2-tertiarybutyl-5-methylphenol (hereinafter, abbre- 
viated as 3M6B), 1 24.5 g (1 .0 mol) of chloroacetoaldehyde dimethylacetal and 376 g of acetic add, and the mixture was 
stirred for dissolution and cooled to 5°C. Then, to this was added dropwise a solution prepared by mixing 122 g (1.2 
mol) of concentrated sulfuric acid with 84 g of acetic acid at 10°C over 3 hours, then the reaction system was maintained 
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at 25°C for 6 hours, and stirring of the reaction system was continued overnight at room temperature. The temperature 
of the system was cooled to 5°C, and the precipitated crystal was separated by filtration. The crystal was washed with 
500 g of water for six times, then dried under reduced pressure at 40°C for 8 hours. 

Synthetic example 2 

Synthesis of raw material phenol-2 

[0059] To a 2-liter four-necked flask equipped with a thermometer, stirrer and condenser were added 245.2 g of 48.3% 
aqueous sodium hydroxide solution and 552 g of N-methylpyrrolidone. and the inner atmosphere was replaced by nitro- 
gen. Under nitrogen flow, the temperature of the solution was raised to 140 °C. To this, was added dropwise 225.6 g of 
the phenol intermediate obtained in Synthetic Example 1 and 676 g of N-methylpyrrolidone solution at 140°C for 1.5 
hours and kept at that temperature for 2 hours. Then, the reaction mixture was cooled to 60°C and neutralized with 226 
g of concentrated hydrochloric acid. The solvent was recovered under reduced pressure, the reaction mixture was 
charged into 1000 g of ion-exchanged water, and the precipitated crystals were filtrated. The crystal was washed with 
water (1 000 g x 3 times) and dried under reduced pressure for 8 hours at 80°C t to obtain 208 g of a yellow crystal (stil- 
bene bisphenol). 

Synthetic Example 3 

Synthesis of epoxy compound 

[0060] 1 00 g of stilbene bisphenol obtained in Synthetic Example 2 was charged into a reaction vessel equipped with 
a thermometer, stirrer, dropping funnel and condenser having a separation tube, and was dissolved in 485.6 g of 
epichlorohydrin and 243.1 g of dimehylsuHoxide. To this was added dropwise 61 .71 g of 48.3% sodium hydroxide con- 
tinuously at 48°C with maintaining the inner pressure of the system at 43 torr. During this procedure, the system was 
reacted with maintaining the temperature at 48°C, cooling and liquefying epichlorohydrin and water azeotropically, and 
returning the organic layer back into the system. After completion of the reaction, unreacted epichlorohydrin was 
removed by concentration under reduced pressure, and the by-produced salt and glycidyl ether were dissolved in 644 
g of methylisobutylketone, and the by-produced salt and dimethylsulfoxide were removed by washing with water. Then, 
methylisobutylketone was distilled off under reduced pressure of 10 torr at 160°C, to obtain a desired product 
[0061] The melting point was 1 10°C, using differential scanning calorimeter (Seiko Electronics Co.,Ltd., SSC5000 
series, DSC200) measured under condition of temperature rising rate of 10 °C/min. Here, the starting point of the endo- 
thermic peak of fusion was regarded as the melting point. This compound was 208g/eq. of epoxy equivalent 170 ppm 
of hydrolyzabie chlorine, and0.1 poise of melt viscosity at 150 °C. 

Example 1 

[0062] The glycidylether obtained in Synthetic Example 3 (referred to as "epoxy r, 208 g/eq of epoxy equivalent), 
triphenolmethane type glycidyl ether (referred to as "epoxy 2", 213 g/eq of epoxy equivalent, Sumiepoxy TMH574 man- 
ufactured by Sumitomo Chemical Co., Ltd.), phenol novolak (trade name: Tamanol 758, manufactured by Arakawa 
Kagaku Kogyo Corp.) as a curing agent, triphenylphosphine as a curing accelerator, fused silica (grade of the silica is 
shown below) as a filler, carnauba wax as a mold-releasing agent and coupling agent (trade name: SH-6040, manu- 
factured by Dow Corning Toray Silicone Co., Ltd.) were compounded in amounts (g) shown in Table 1, and the mixture 
was kneaded with heating by a roll, then subjected to transfer molding. As a filler, a material obtained by compounding 
20% by weight of crushed silica FS891 (manufactured by Denki Kagaku Kogyo K.K.) with 80% by weight of fused silica 
FS20 (manufactured by Denki Kagaku Kogyo K.K.) was used. 

[0063] Further, the molded article was subjected to post curing in an oven at 180°C for 5 hours to obtain a cured 
molded article. 

[0064] The physical properties of this cured molded article were measured, and the results are shown in Table 1 . As 
a result, 

(1) flowability can be improved without lowering the softening point, 

(2) keeping mechanical properties as the same level of comparative Examples, elastic modulus is low at a high 
temperature (240 o C), and stress lowering is attained. Thus, it is found out that the composition is very useful as a 
resin compositions for ; encapsulating^ In the Table, the softening point is a softening point of epoxy composition 
where crystalline epoxy 1 is deposited in epoxy 2. 
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Comparative Example 1 

[0065] Trisphenolmethane type epoxy compound (referred to as epoxy 3, 168 g/eq of epoxy equivalent), which was 
prepared by mixing salicylaldehyde and a phenol as starting materials was mixed as shown in Table 1, and after roll 
5 mixing, transfer molding was conducted. 

[0066] Further, the molded article was subjected to post curing in an oven at 180°C for 5 hours to obtain a cured 
molded article. 

[0067] The physical properties of this cured molded article were measured. 
10 Table 1 
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Example 2 

[0068] As shown in Table 2, epoxy 1 as a crystalline epoxy compound and epoxy 2 as an amorphous epoxy com- 
pound were mixed, melt-mixed in a beaker at 150 °C, and uniform resin composition was obtained. Then, this mixture 
was stirred on a hot plate heated at 80 °C, and opaque resin composition was obtained. 

[0069] As a result of DSC measurement (10 °C/min) of this composition, endothermic peak was observed, and it was 
confirmed that epoxy 1 in epoxy 2 existed as crystal phase. Rate of crystallization of epoxy 1 was calculated as that 
63% of adding amount exists as crystal phase. 

[0070] Furthermore, ICI viscosity (@150 °C) and softening point of this resin composition were measured and shown 
in Table 1 . Consequently, it became clear that the viscosity of the composition can be reduced, without softening point 
tailing 

Example 3 

[0071] Epoxy 1 and trisphenolmethane novolak type epoxy resin prepared from the mixture of salicylaidehyde and a 
phenol as starting materials as an amorphous epoxy resin (referred to as "epoxy 3") were mixed as shown in Table 2, 
melt-mixed in a beaker at 150 °C, and uniform resin composition was obtained. Then, this mixture was stirred on a hot 
plate heated at 50 °C, and opaque resin composition was obtained. 

[0072] ICI viscosity (@150 °C) and softening point of this resin composition were measured and shown in Table 2. 
Consequently, it became clear that the viscosity of the composition can be reduced, and the softening point was raised 
remarkably at the same time. 

Example 4 . -j 

[0073] Epoxy resin prepared from dihydroxytetramethylbiphenyl as a crystalline epoxy compound (referred to as 
"epoxy 4") and epoxy 2 were mixed as shown in Table 2, melt-mixed in a beaker at 150 °C, and uniform resin composi- 
tion was obtained. Then, this mixture was stirred on a hot plate heated at 70 °C, and opaque resin composition was 
obtained. 

[0074] ICI viscosity (@150 °C) and softening point of this resin composition were measured and shown in Table 2. 
Consequently, it became clear that the viscosity of the composition can be reduded. 

Comparative Example 2 

[0075] ICI viscosity (@150 °C) and softening point of epoxy 2 were measured, and the result was shown in Table 2. 
Comparative Example 3 

[0076] ICI viscosity (@150 °C) and softening point of epoxy 3 were measured, and the result was shown in Table 2. 
Comparative example 4 

[0077] Epoxy 1 and epoxy 2 were mixed as shown in Table 1, melt-mixed in a beaker at 150 °C, and uniform resin 
composition was obtained. Then, this mixture was cooled rapidly, and confirmed by eye to form a transparent resin com- 
position in which the amorphous epoxy resin and the crystalline epoxy resin are compatible. 

[0078] ICI viscosity (@150 *C) and softening point of this resin composition were measured, and shown in Table 2. 
Consequently, it became clear that the softening point was lowered greatly. 
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Table 2 
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[0079] Since the epoxy resin composition of the present invention has a high softening point as well as low melt vis- 
cosity, the blocking resistance and workability are improved greatly, which are problems in an amorphous epoxy resin 
of low melt viscosity. Moreover, the epoxy resin composition of the present invention has a good moldability even when 
the composition contains high amount of filler. This composition, as an encapsulating material for electronic device, has 
a good balance of properties, such as low moisture absorption, low elastic modulus (useful for lowering stress at the 
time of solder reflow) etc. 

Claims 

1. An epoxy resin composition comprising (A) a Afunctional crystalline epoxy compound, (B) an amorphous trisphe- 
nolmethane type epoxy compound having three or more of epoxy groups in a molecule, and (C) an epoxy curing 
agent having phenolic hydroxy! groups. 

2. An epoxy resin composition according to claim 1, wherein the Afunctional crystalline epoxy compound (A) is rep- 
resented by the general formula (1), 




in the formula, X represents -N=Nh -CH=C(R 9 )-, -0-CO-, - CH=C(CN)-, -C^C-, -CH=CH-CO- or a single bond; R 1 
to R 9 represent each independently an acyclic or cyclic alkyl group having 1-6 carbon atoms, a hydrogen atom or 
a halogen atom. 

3. An epoxy resin composition according to claim 1 , which further comprises 40 to 95 % by weight of an inorganic filler 
(D) based on the total amount of the whole resin composition. 
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4. A resin-encapsulated semiconductor device, wherein a semiconductor element is encapsulated with using the 
epoxy resin composition of in claim 1 or 2. 

5. An epoxy resin composition comprising (A) a Afunctional crystalline epoxy compound, and (B) an amorphous tri- 
sphenolmethane type epoxy compound having three or more of epoxy groups in a molecule, wherein the whole or 
a part of the epoxy compound (A) is dispersed in the epoxy compound (B) as crystallites. 

6. An epoxy resin composition according to claim 5, which further comprises an epoxy curing agent (C). 

7. A process for producing the epoxy resin composition of claim 5, which comprises mixing the epoxy compound (A) 
and the epoxy compound (B) with heating at a temperature of not lower than the melting point of (A) and not higher 
than the softening point of (B). 

8. A process for producing the epoxy resin composition of claim 5, which comprises mixing the epoxy compound (A) 
and the epoxy compound (B) with heating at a temperature of not lower than the melting point of (A)cooling the 
resulting mixture to a temperature of not higher than the melting point of (A) to deposit the crystallites, and then 
kneading the mixture. 

9. A process for producing the epoxy resin composition of claim 5, which comprises mixing the epoxy compound (A) 
and the epoxy compound (B) with heating at a temperature of not lower than the melting point of (A), and melt- 
kneading the resulting mixture with cooling to a temperature of not higher than the melting point of (A). 



10. A resin-encapsulated semiconductor device, wherein a semiconductor element is encapsulated using the epoxy 
resin composition of claim 6. 
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